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Specification 



1 . Title of the invention 

Alloy for High-Strength Oil Well Pipe with Excellent 
Stress-Corrosion Cracking Resistance 

2 . Claims 

1. An alloy for a high-strength oil well pipe with 
excellent stress-corrosion cracking resistance, characterized by 
the fact that it has a composition (hereinafter, wt%) comprised 
of 0.1-0.25% C, 1.0% or less Si, 2.0% or less Mn, 0.030% or less 
P, 0.005% or less S, 0.5% or less Sol.Al, 0.30% or less N, 30- 
60% Ni , and 15-35% Cr, one kind or two kinds of 12% or less Mo 
and 24% or less W, and the balance Fe and unavoidable 
impurities; and the conditions of Cr(%) + 10Mo(%) + 5W(%) > 110% 
and 7.5% < Mo(%) + 1/2W(%) < 12% are met. 

2. An alloy for a high-strength oil well pipe with 
excellent stress-corrosion cracking resistance, characterized by 



1 Numbers in the margin indicate pagination in the foreign 
text . 



the fact that it has a composition (hereinafter, wt%) comprised 
of 0.1-0.25% C, 1.0% or less Si, 2.0% or less Mn, 0.030% or less 
P, 0.005% or less S, 0.5% or less Sol.Al, 0.30% or less N, 30- 
60% Ni, and 15-35% Cr, one kind or two kinds of 12% or less Mo 
and 24% or less W, one kind or two kinds of 2% or less Cu and 2% 
or less Co, and the balance Fe and unavoidable impurities; and 
the conditions of Cr(%) + 10Mo(%) + 5W(%) ^ 110% and 7.5% < 
Mo(%) + 1/2W(%) < 12% are met. 

3. An alloy for a high-strength oil well pipe with 
excellent stress-corrosion cracking resistance, characterized by 
the fact that it has a composition (hereinafter, wt%) comprised 
of 0.1-0.25% C, 1.0% or less Si, 2.0% or less Mn, 0.030% or less 
P, 0.005% or less S, 0.5% or less Sol.Al, 0.30% or less N, 30- 
60% Ni, and 15-35% Cr, one kind or two kinds of 12% or less Mo 
and 24% or less W, one kind or two kinds of 0.10% or less rare- 
earth element, 0.20% or less Y, 0.10% or less Mg, 0.5% or less/2 
Ti, and 0.10% or less Ca, and the balance Fe and unavoidable 
impurities; and the conditions of Cr(%) + 10Mo(%) + 5W(%) ^ 110% 
and 7.5% < Mo(%) + 1/2W(%) < 12% are met. 

4. An alloy for a high-strength oil well pipe with 
excellent stress-corrosion cracking resistance, characterized by 
the fact that it has a composition (hereinafter, wt%) comprised 
of 0.1-0.25% C, 1.0% or less Si, 2.0% or less Mn, 0.030% or less 

3 

J 



P, 0.005% or less S, 0.5% or less Sol.Al, 0.30% or less N, 30- 
60% Ni, and 15-35% Cr, one kind or two kinds of 12% or less Mo 
and 24% or less W, one kind or two kinds of 2% or less Cu and 2% 
or less Co, one kind or two kinds of 0.10% or less rare-earth 
element, 0.20% or less Y, 0.10% or less Mg, 0.5% or less Ti, and 
0.10% or less Ca, and the balance Fe and unavoidable impurities; 
and the conditions of Cr(%) + 10Mo(%) + 5W(%) > 110% and 7.5% < 
Mo(%) + 1/2W(%) < 12% are met. 

3 . Detailed explanation of the invention 

The present invention pertains to an alloy that has high 
strength and excellent stress-corrosion cracking resistance and 
is suitably used especially for the manufacture of an oil well 
pipe which requires these characteristics 

Recently, due to the deterioration of energy situations, 
oil well and natural gas wells have tended to be considerably 
deepened, and deep wells with a depth of 6,000 m or more, 
especially a depth of 10,000 m or more have appeared. 

Also, from similar situations, mining of petroleum and 
natural gases under a harsh corrosion environment including 
corrosive components such as carbonic acid gas and chlorine gas 
starting with a wet hydrogen sulfide cannot but be mined. 
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Along with mining of the petroleum and the natural gases 
under such a strict environment, a high strength and an 
excellent corrosion resistance, especially a stress-corrosion 
cracking resistance have been required for oil well pipes being 
used in them. 

As a general corrosion measure of the oil well pipes, a 
method for putting a corrosion suppressor called an inhibitor is 
known, however the method cannot be effectively utilized for sea 
oil wells, for instance. 

From such a viewpoint, in the manufacture of the oil well 
pipes, recently, the adoption of high-quality corrosion- 
resistant high alloy steels such as Incolloy and Hastelloy 
(trade names) has been reviewed, however at present, for these 
alloys, the details of the corrosion behaviors in an oil well 
environment of H 2 S-C0 2 -C1~ are not sufficiently elucidated. 
Furthermore, there is no oil well pipe for a deep well having a 
high strength in actuality. 

Accordingly, these inventors researched the above-mentioned 
problems to obtain an oil well pipe having high strength and 
excellent stress-corrosion cracking resistance that could 
withstand a deep oil well and a petroleum mining under a harsh 
corrosion environment, especially an oil well environment of H 2 S- 
CO2-CI". As a result, the following (a)-(j) were discovered. 
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(a) The main corrosion under the H 2 S-C0 2 -C1" is a stress- 
corrosion cracking, however in this case, the stress-corrosion 
cracking state is totally different from general behaviors in an 
austenite stainless steel. In other words, a general stress- 
corrosion cracking has a deep relationship with the existence of 
CI", whereas that of the above-mentioned oil well environment, 
the influence of H 2 S is greater than that of Cl". 

(b) The steel pipe being practically provided as an oil 
well pipe is generally cold-worked, if necessary, in terms of 
strength, however the cold working considerably reduces the 
resistance against the above-mentioned stress -corrosion 
cracking . 

(c) The elution rate (corrosion rate) of a steel under 
the H 2 S-C0 2 -CL- depends on the content of Cr, Ni, Mo, and W, and 
the corrosion resistance is held by the surface film composed of 
these components. At the same time, these components also raise 
the resistance against the stress corrosion cracking, and in 
particular, Mo has an effect of 10 times of Cr. Also, Mo has an 
effect of twice of W. Therefore, these Mo and W meet the 
condition equations of Cr(%) + 10Mo(%) + 5W(%) > 110% and 7.5% < 
Mo(%) + 1/2W(%) < 12%. At the same time, if the Ni content is/3 
30-60% and the Cr content is 15-35%, a surface film showing 
excellent resistance against the stress-corrosion cracking under 
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an oil well environment of H 2 S-C0 2 -C1" with very strong 
corrosion, especially under a bad environment of 200oC or higher 
is obtained even in the cold-worked material . 

(d) Ni has an effect of raising the stress-corrosion 
cracking resistance in terms of structure as well as the effect 
on the surface film. 

(e) If the C content is set to 0,1-0.25%, the alloy 
strength is considerably improved. 

(f) If N is included as an alloy component in a range of 
0.3 0% or less, the alloy strength is much more improved. 

(g) If the S content as an unavoidable impurity is lowered 
to 0.0007% or less, the hot workability of the alloy is markedly 
improved . 

(h) If the P content as an unavoidable impurity is lowered 
to 0.003% or less, the hydrogen cracking sensitivity is 
considerably lowered. 

(i) If one kind or two kinds of 2% or less Cu and 2% or 
less Co are included as alloy components, the corrosion 
resistance is further improved. 

(j) If one kind or two kinds of 0.10% or less rare-earth 
element, 0.20% or less Y, 0.10% or less Mg, 0.5% or less Ti, and 
0.10% or less Ca are included as alloy components, the hot 
workability is much more improved. 
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Therefore, the present invention is based on the 
above-mentioned knowledge. The alloy of the present invention 
has a composition (hereinafter, wt%, and % in the following 
indicates wt%) comprised of 0.1-0.25% C, 1.0% or less Si, 2.0% 
or less Mn, 0.030% or less P, preferably for more improving the 
hydrogen cracking resistance, 0.003% or less P and 0.005% or 
less S, preferably for more improving the hot workability, 
0.0007% or less S, 0.5% or less Sol.Al, 0.30% or less N, 30-60% 
Ni, and 15-35% Cr, one kind or two kinds of 12% or less Mo and 
24% or less W, if necessary, one kind or two kinds of 2% or less 
Cu, 2% or less Co, 0.10% or less rare-earth element, 0.20% or 
less Y, 0.10% or less Mg, 0.5% or less Ti, and 0.10% or less Ca, 
and the balance Fe and unavoidable impurities. At the same 
time, this alloy meets the conditions of Cr(%) + 10Mo(%) + 5W(%) 
> 110% and 7.5% < Mo(%) + 1/2W(%) ^ 12%. Furthermore, the alloy 
of the present invention has high strength, excellent stress- 
corrosion cracking resistance, and especially, is suitably used 
for the manufacture of an oil well pipe that requires these 
characteristics . 

Next, the reasons why the component composition ranges in 
the alloy of the present invention are limited as mentioned 
above are explained. 

(a) C 
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C component has an action of improving the alloy strength, 
however if its content is less than 0.1%, a desired high 
strength cannot be secured. On the other hand, if the content 
exceeds 0.25%, a carbide is precipitated even by rapidly cooling 
after a solid solution treatment, so that the corrosion 
resistance is damaged. Thus, the content is set to 0.1-0.25%. 

(b) Si 

Si is a component required as a deoxidizing component, 
however if its content is more than 1.0%, the hot workability is 
degraded. Thus, its upper limit value is set to 1.0%. 

(c) Mn 

Mn component has a deoxidizing action similarly to Si, and 
since this component is a component that has little influence on 
the stress-corrosion cracking, its upper limit value is set to a 
high value 2.0%. 

(d) P 

In P component as an unavoidable impurity, if its content 
is more than 0.030%, since an action of raising the cross- 
corrosion cracking sensitivity appears, it is necessary to lower 
the stress-corrosion cracking sensitivity by setting its upper 
limit to 0.030%. Also, it is clarified that if the P content is 
reduced, the hydrogen cracking resistance is rapidly improved at 
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0.003%. From such a viewpoint, especially in case an excellent 
hydrogen cracking resistance is required, it is desirable to /4 
set the P content to 0.0030% or less. 

(e) S 

In S component as an unavoidable impurity, if its content 
is more than 0.005%, since there is an action of degrading the 
hot workability, it is necessary to prevent the degradation of 
the hot workability by setting its upper limit value to 0.005%, 
Thus, the S component has an action of degrading the hot 
workability when the content is increased, however if the 
content is lowered to 0.0007%, the hot workability is much more 
improved. Thus, in case a hot working under a harsh condition 
is required, it is desirable to set the S content to 0.0007% or 
less . 

(f) Al 

Al is effective as a deoxidizing component similarly to Si 
and Mn, and even if it is included up to 0.5% as a sol.Al 
content, the characteristics of the alloy are not damaged at 
all. Thus, the content is set to 0.5% or less as the sol.Al 
content . 

(g) N 

N component has an action of raising the strength of the 
alloy, however if its content is more than 0.3 0%, melting and 
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ingot-forming of the alloy are difficult. Thus, the content is 
set to 0.30% or less. 

(h) Ni 

Ni component has an action of improving the stress- 
corrosion cracking resistance of the alloy, however if its 
content is less than 30%, a desired excellent stress-corrosion 
cracking resistance cannot be secured. On the other hand, if 
the content is more than 60%, a much move improvement effect 
does not appear in the stress-corrosion cracking resistance. In 
consideration of the economical efficiency, the content is set 
to 30-60%. 

(i) Cr 

Cr component is a component that markedly improves the 
stress-corrosion cracking resistance in the coexistence with Ni, 
Mo, and W components, however even if its content is less than 
15%, the hot workability is not improved. In order to secure a 
desired stress-corrosion cracking resistance, the content of Mo 
and W must be increased as much, and the economical efficiency 
is unfavorable. Thus, its lower limit value is set to 15%. On 
the other hand, if the content is more than 35%, even if the S 
content is lowered, the degradation of the hot workability 
cannot be avoided. Thus, its upper limit value is set to 35%. 

(j) Mo and W 
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As mentioned above, these components have an equal action 
of improving the stress -cracking corrosion resistance in the 
coexistence with Ni and Cr, however even if Mo and W are 
included more than 12% and 24%, respectively, a further 
improvement effect does not appear under a corrosion environment 
of H 2 S-C0 2 -C1~ with an environment temperature of 200°C or higher. 
In consideration of the economical efficiency, their contents 
are set to 12% or less Mo and 24% or less W, respectively. 
Also, the reason why the content of Mo and W is prescribed by 
the condition equation: Mo(%) = l/2W(%) is that the atomic 
weight of W to Mo is about twice and the effect is equal at 
about 1/2. If the value is less than 7.5%, a desired stress- 
corrosion cracking resistance cannot be obtained under the 
above-mentioned bad environment of 200°C or higher. On the other 
hand, even if this value is raised to more than 12%, as 
mentioned above, the content is a substantially unnecessary 
amount of Mo and W, and the economical efficiency is not good. 
From such a viewpoint, the value of Mo(%) + l/2W(%) is set to 
7.5-12%. 

(k) Cu and Co 

These components have an equal action of improving the 
corrosion resistance of the alloy, and CO has a solid solution 
strengthening action. Therefore, they are included as needed, 
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especially in case a more excellent corrosion resistance is 
required. However, if Cu is more than 2%, the hot workability 
is degraded, whereas even if Co is included more than 2%, a 
further improvement effect does not appear. Thus, their upper 
limit values are set to 2% Cu and 2% Co, respectively. 
(1) Rare -earth element, Y, Mg, Ti, and Ca 

These components have an equal action of further improving 
the hot workability. In case hot-working is carried out under a 
harsh condition, they are included as needed. However, even if 
they are include more than 0.10% rare-earth element, 0.02% Y, 
0.01% Mg, 0.5% Ti, and 0.10% Ca, the improvement effect is not 
seen in the hot workability, and the degradation phenomenon also 
appears instead. Thus, their contents are set to 0.10% or less 
rare earth, 0.20% or less Y, 0.10% or less Mg, 0.5% or less /5 
Ti, and 0.10% or less Ca, respectively. 

(m) Cr(%) + 10Mo(%) +5W(%) 

Figure 1 shows the relationship of Cr(%) + 10Mo(%) + 5W(%) 
with respect to the stress-corrosion cracking resistance under a 
harsh corrosion environment. In other words, steels of Cr-Ni-Mo 
system, Cr-Ni-W system, and Cr-Ni-Mo-W system in which the 
contents of Cr, Ni, Mo, and W were variously changed were 
melted, cast, forged and drawn, and hot -rolled, so that a plate 
material with a plate thickness of 7 mm was obtained. Then, the 
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plate material was held at a temperature of 1,050°C for 30 min, 
subjected to a water-cooling solution treatment, and cold-worked 
at a working rate of 30% for improving the strength. As a 
result, a specimen with a thickness of 2 mm, a width of 10 mm, 
and a length of 75 mm was cut perpendicularly to the rolling 
direction from the steel plate obtained, and using a three-point 
support beam jig shown in Figure 2, in a state in which a 
tensile stress corresponding to 0.2% proof stress is applied to 
the above-mentioned specimen S, the specimen was subjected to a 
stress-corrosion cracking test by immersing for 1,000 h into 20% 
NaCl solution (temperature: 300°C) in which H 2 S and C0 2 were 
saturated with H 2 S at 10 atm and C0 2 at 10 atm. After testing, 
the existence of the crack generation in the above-mentioned 
specimen was observed. Based on these results, it was clarified 
that there was the relationship shown in Figure 1 in the stress- 
corrosion cracking resistance between the condition equation: 
Cr(%) -i- 10Mo(%) + 5W(%) uniquely set by these inventors and the 
Ni content. Also, in Figure 1, o shows no crack generation, and 
x shows the crack generation. From the results shown in Figure 
1, it is apparent that when the value of Cr(%) + 10Mo(%) + 5W(%) 
is less than 110% and the Ni content is less than 30%, a desired 
excellent stress-corrosion cracking resistance cannot be 
obtained. 

14 

J 



Also, in the alloy of the present invention, even if B, Sn, 
Pb, and Zn are included as unavoidable impurities in a range of 
respectively 0.1% or less, the characteristics of the alloy of 
the present invention are not damaged at all. 

Next, the alloy of the present invention is explained by 
application examples, comparing with comparative examples and 
conventional examples . 
Application examples 

Molten metals with each component composition shown in 
Table I were melted using an ordinary electric furnace, an Ar- 
oxygen decarbonizing furnace (AOD furnace) for including 
nitrogen and desulf urization, and if necessary, an electroslag 
melting furnace (ESR furnace) for dephosphozation, so that an 
ingot with a diameter of 50 mm0 was cast. Then, the ingot was 
hot-cast at a temperature of 1,200°C, so that a billet with a 
diameter of 15 0 mm0 was molded. In this case, for evaluating 
the hot workability, whether or not cracks were generated in the 
billet was observed, and an element pipe with a diameter of 60 
mm0 and a thickness of 4 mm was molded from the above-mentioned 
billet by hot - extruding . Furthermore, it was cold- worked at 22% 
into a size of 55 mm0 in diameter and 3.1 mm -in thickness by 
drawing, so that alloy pipe materials 1-20 of the present 
invention, comparative alloy pipe materials 1-6, and 
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conventional alloy pipe materials 1-3 were respectively 
manufactured . 

Also, in the comparative alloy pipe materials 1-6, the 
content (shown by * in Table I) of any component of the 
constitutional components had a composition deviated from the 
range of the present invention. Also, the conventional alloy 
pipe material 1 had a composition corresponding to JIS 316, the 
conventional alloy pipe material 2 had a composition 
corresponding to Incolloy 800, and the conventional alloy pipe 
material 3 had a composition corresponding to JIS SUS 329 Jl . 

Next, from the alloy pipe materials 1-20 of the present 
invention, the comparative alloy pipe materials 1-6, and the 
conventional alloy pipe materials 1-3, specimens with a length 
of 20 mm were respectively cut out, and parts corresponding to 
60o in the longitudinal direction were cut off from the 
specimens. In this state, a bolt was penetrated into the 
specimens, as shown in a front view of Figure 3, and fastened 
with a nut. A tensile stress corresponding to 0.2% proof stress 
was applied to the outer surface of the pipe, and the specimen S 
in this state was subjected to a stress-corrosion cracking test 
by immersing for 1, 000 h into a H 2 S with a H 2 S partial pressure 
of 0.1 atm, 1 atm, and 15 atm- C0 2 atlO atm-20% NaCl solution 
(liquid temperature: 300°C) , and the existence of stress- 
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corrosion cracks after testing was investigated. The results 
were shown along with the existence of the crack generation 
during the above-mentioned hot-casting and the 0.2% proof stress 
in Table II. Also, in Table II, o shows no crack generation, 
and x shows the crack generation. 
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1. Kind of pipe material 

2. Component composition (wt%) 

3 . Others 

4. Comparative alloy pipe materials 

5. Conventional alloy pipe materials 
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1 . 


Kind of pipe material 


2 . 


Existence of hot-casting cracks 


3 . 


0.2% proof stress 


4 . 


Existence of cracks in H 2 S-C0 2 at 10 atm-20% NaCl 


5 . 


H 2 S at 0.1 atm 


6. 


H 2 S at 1 atm 


7 . 


H 2 S at 15 atm 


8 . 


Alloy pipe materials of the present invention 


9 . 


Comparative alloy pipe materials 


10 . 


Conventional alloy pipe materials 



From the results shown in Table II, in the comparative 
alloy pipe materials 1-6, at least any of the hot workability, 
the stress-corrosion cracking resistance, and the strength is 
inferior. On the contrary, in the alloy pipe materials 1-20, 
any of them has excellent hot workability and stress-corrosion 
cracking resistance and high strength. Thus, it is apparent 
that the alloys of the present invention have much more 
excellent characteristics, compared with the conventional alloy 
pipe materials 1-3 with relatively low strength and inferior 
stress-corrosion cracking resistance, in spite of good hot 
workability. 
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As mentioned above, since the alloy of the present 
invention has high strength and excellent stress -corrosion 
cracking resistance, its is suitable for an oil well pipe being 
used in mining petroleum and natural gases under a harsh 
environment that requires these characteristics. Furthermore, 
the present invention exerts very excellent performances when it 
is used as a geothermal well pipe. 

4. Brief description of the figures 

Figure 1 is related to a stress-corrosion cracking 
resistance of alloys and shows the relationship of the Ni 
content and the Cr(%) + 10Mo(%) + 5W(%). Figures 2 and 3 
respectively show a state of the stress-corrosion cracking test 
in plate-shaped and tubular specimens. 
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Abstract 



PURPOSE:To obtain an alloy for a high strength oil well pipe with superior stress corrosion cracking 
resistance by adding C, Si, Mn, P, S, sol. Al, N, Ni, etc. in a specified ratio. 

CONSTITUTIONS alloy consisting of, by weight, 0.1-0.25% C, <=1.0% Si, <=2.0% Mn, <=0.030% P, 
<=0.005% S, <=0.5% sol. Al, <=0.30% N, 30-60% Ni, 15-35% Cr, <=12% Mo and/or <=24% W, and the 
balance Fe with inevitable impurities while satisfying Cr%+10Mo%+5W%>=1 10% and 7.5%<=Mo%+1/ 
2W%<=12% is prepared. To said composition may be added <=2% Cu and/or <=2% Co, and/or 1 or >=2 
kinds of elements selected from <=0.10% rare earth element, <=0.20% Y, <=0.10% Mg, <=0.5% Ti and 
<=0.10%Ca. 
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ABSTRACT: 

PURPOSE: To obtain an alloy for a high strength oil well pipe with superior 
stress corrosion cracking resistance by adding C, Si, Mn, P, S, sol. Al, N, Ni, 
etc. in a specified ratio. 

CONSTITUTION: An alloy consisting of, by weight, 0.1∼0.25% C, ≤1.0% 
Si, 

≤2.0% Mn, ≤0.030% P, ≤0.005% S, ≤0.5% sol. Al, ≤0.30% N, 



30∼60% Ni, 15∼35% Cr, ≤12% Mo and/or ≤24% W, and the 
balance Fe 

with inevitable impurities while satisfying Cr%+10Mo%+5W%≥110% and 
7.5%≤Mo%+1/ 2W%≤12% is prepared. To said composition may be added 
≤2% 

Cu and/or ≤2% Co, and/or 1 or ≥2 kinds of elements selected from 
≤0.10% rare earth element, ≤0.20% Y, ≤0.10% Mg, ≤0.5% Ti and 
≤0.10% Ca. 
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